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(54) Apparatus and method that provide smooth Images In slow playback mode 



(57) Charges are read out from a CCD n (where n 
is an integer 2 or greater) times within 1 field period, 
under the control of a controller (9). Under the control of 
a memory controller (5), a VTR (7) records the n images 
as a video signal for 1 field, based on the readout charg- 
es. When playing back, under control of the memory 
controller (9), the video signal for 1 field, which is read 
out from the VTR (7) and which includes n images, is 
temporarily stored in a memory (6). The memory con- 



troller (5) reads out the n images from the memory (6) 
in time sequence, and displays each image on a display 
m (where m is an integer 1 or greater) times during pe- 
riod of m fields, thereby performing slow playback at a 
playback speed of 1/(n x m). In a preferable embodi- 
ment of the invention, along with a video signal for each 
field, the VTR (7) records information with regard to the 
number n of the images and the display positions there- 
of. 
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(54) Apparatus and method that provide smooth images In slow playback mode 

(57) Charges are read out from a CCD n (where n is 
an integer 2 or greater) times within 1 field period, under 
the control of a controller (9). Under the control of a 
memory controller (5), a VTR (7) records the n images 
as a video signal for 1 field, based on the readout 
charges. When playing back, under control of the mem- 
ory controller (9), the video signal for 1 field, which is 
read out from the VTR (7) and which includes n images, 
is temporarily stored in a memory (6). The memory con- 
troller (5) reads out the n images from the memory (6) in 
time sequence, and displays each image on a display m 
(where m is an integer 1 or greater) times during period 
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of m fields, thereby performing slow playback at a play- 
back speed of 

l/(n X m). 



In a preferable embodiment of the invention, along with 
a video signal for each field, the VTR (7) records infor- 
mation with regard to the number n of the images and 
the display positions thereof. 
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Description 

BACKGROUND ART OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to imaging appa- 
ratus and method that are capable of providing smooth 
imaging when playing images back in slow playback 
mode. 

2. Description of the Related Art 

[0002] In current video cameras, a solid-state imaging 
section (CCD image sensor) that is formed by a plurality 
of solid-state imaging elements, is used as an imaging 
means that is smaller and lighter than an imaging tube 
and which can be produced at a low cost. The construc- 
tion of a general type of CCD image sensor is shown in 
Rg.1A. 

[0003] Fig.lA shows a video camera 70 of the past, 
which has a CCD image sensor 71, which performs 
imaging of the subject that is shown in the drawing, a 
correlated double sampling/automatic gain controller 
(CDS/AGC) 72, which eliminates noise components 
from the signal from the CCD image sensor 71 , an ana- 
log-to-digital converter (ADC) 73, which converts the 
video signal from the CDS/AGC 72 to a digital signal, 
and a digital signal processor (DSP) 74, which converts 
the output from the ADC 73. 

[0004] The video camera 70 further has a memory 77 
for temporary storage of a video signal from the DSP 
74, a video tape recorder (VTR) 76, which records onto 
and plays back from a video tape a video signal from the 
DSP 74, and a memory controller (FMC) 75, which per- 
forms control of readout from the memory 77. 
[0005] In the video camera 70, the video signal from 
the CCD image sensor 71 is read out, via the CDS/AGC 
72, ADC 73, DSP 74, and FMC 75, for each first field 
and second field, this video signal being recorded by the 
VTR 76. 

[0006] That is, in the CCD image sensor 71 , electrical 
charges of the photoelectric conversion element are 
read out one at a time within one field period, and the 
images of the first field and the second field are synthe- 
sized therefrom, thereby forming the single frame 
image, as shown in Fig. 1B, this being recorded onto a 
video tape via the VTR 76. 

[0007] In order to play back an image that is recorded 
onto the video tape, in addition to supplying the output 
from the VTR 76 to the memory controller FMC 75, as 
shown in Rgs. 1 C and 1 D, while storing this output in the 
memory 77, it is output, via an output terminal 78, to an 
external monitoring device, such as an electronic view- 
finder, a compact LCD monitor, or a TV receiver. 
[0008] In the particular case of video cameras of the 
past, when playing the images recorded on a video tape 
in slow playback mode, for example, at 1/10 the normal 



speed, by playing back the first field image 10 times, 
and then playing back the second field image 10 times, 
or by repeating the image of one frame 10 times, or the 
like, the image of one frame was repeated over a period 

5 of 10 frames. 

[0009] With the above-noted video camera of the past, 
however, as described above, because slow playback is 
achieved by displaying one and the same image over a 
plurality of field periods, it was difficult to improve the 

w dynamic image resolution during slow playback. 

SUMMARY OF THE INVENTION 

[0010] The present invention was made in considera- 
15 tion of the above-noted problems with the related art, 
and has as an object the provision of an imaging appa- 
ratus that provides smooth images when playing back in 
slow playback mode, and improves the image quality. 
[001 1] To achieve the above-noted object, there is pro- 
20 vided an imaging apparatus that has: a solid-state imag- 
ing section having a plurality of photoelectric conversion 
elements that convert input light to an electrical charge; 
a recording section, which reads out an electrical 
charge from the photoelectric conversion elements n 
25 (where n is an integer 2 or greater) times within 1 field 
period, and which records n images as a video signal 
for 1 field; and a playback/display section, which reads 
out a video signal of 1 field, which includes n images, 
re-orders the n images in time sequence, and repeats 
30 m (where m is an integer 1 or greater) times the display, 
during a period of 1 field, of each of the n images, so as 
to achieve slow playback at a playback speed of 

l/( n X m ) m 

35 



[0012] In a preferred embodiment of the present 
invention, when the recording section records n images 
40 as the video signal for 1 field, the value of n is recorded 
as an identification signal along with the video signal, 
the playback/display section reading out not only the 1 
field video signal but also this identification signal, so as 
to perform 

45 

l/( n X m) 

speed slow playback. 

so [0013] In another preferred embodiment of the 
present invention, the identification signal includes infor- 
mation with regard to display position of each of the n 
images, and the playback/display section first reads out 
the video signal of 1 field and stores it temporarily in 

55 memory, the n images being read out in time sequence, 
in accordance with the display position information. 
[0014] In yet another preferred embodiment of the 
present invention, the value of m is input by an operator. 
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[0015] To achieve the above-noted object, according 
to another aspect of the present invention, there is pro- 
vide an imaging method comprising the steps of: read- 
ing out an electrical charge from a plurality of 
photoelectric conversion elements which convert input 5 
light to the electrical charge, n (where n is an integer 2 
or greater) times within 1 field period, and recording n 
images as a video signal for 1 field; and reading out a 
video signal of 1 field, which includes n images, re- 
ordering the n images in time sequence, and repeating w 
m (where m is an integer 1 or greater) times the display, 
during a period of 1 field, of each of the n images, so as 
to achieve slow playback at a playback speed of 

l/(n X m) • 15 



[0016] In a preferred embodiment of the present 
invention, at the step of recording n images as the video 20 
signal for 1 field, an identification signal that indicates 
the value of n is also recorded, and at the step of read- 
ing out the video signal of 1 field, not only the video sig- 
nal for 1 field, but also the identification signal is read 
out, thereby performing slow playback at a speed of 25 

l/(n X m), 

based on the identification signal. 30 
[0017] In another preferred embodiment of the 
present invention, the identification signal includes infor- 
mation with regard to the display position of each of the 
n images, and the video signal for 1 field is read out to 
be temporarily stored into a memory, and then the video 35 
signal in the memory is read out in accordance with the 
information with regard to the display position to re- 
order the n images in time sequence. 
[0018] In yet another preferred embodiment of the 
present invention, the value of m is input by an operator. 40 
[0019] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] In the accompanying drawings: 

Fig.lA through Rg.1D are block diagrams that so 
show the configuration and operation of a video 
camera of the past; 

Fig. 2 is a block diagram that shows the overall con- 
figuration of an embodiment of a video camera to 
which an imaging apparatus according to the 55 
present invention has been applied; 
Fig.3A is a block diagram that shows the operation 
of a video camera embodiment of the present 



invention when recording; 

Fig.3B is a drawing that illustrates the images that 
are recorded within 1 field; 

Rg.4A through Fig.4E are drawings that illustrate 
variations of the images that are recorded by a 
video camera according to an embodiment of the 
present invention; 

Fig.5A is a block diagram that shows the operation 
of a video camera according to an embodiment of 
the present invention during playback; 
Fig.SB is a drawing that illustrates the image that is 
displayed during playback; 

Fig.6 is a timing diagram that shows the operation 
during playback of a video camera according to an 
embodiment of the present invention during play- 
back; and 

Fig.7A and Fig.7B are drawings that show varia- 
tions of the images that are displayed by a video 
camera according to an embodiment of the present 
invention during playback. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] Preferred embodiments of an imaging appara- 
tus according to the present invention are described in 
detail below, with reference to relevant accompanying 
draw. The imaging apparatus according to the present 
invention can be applied to a video camera. 

[Overall Imaging Apparatus Construction] 

[0022] A video camera 100 according to an embodi- 
ment of the present invention, as shown in Fig.2, has a 
CCD image sensor 1 , which perform imaging of a sub- 
ject, a correlated double sampling/automatic gain con- 
trol (CDS/AGC) controller 2, which eliminates noise 
components from the signal from the CCD image sen- 
sor 1 by performing correlated double sampling, and 
which also amplifies the video signal, from which noise 
has been removed, with an appropriate gain, and out- 
puts the amplified video signal, an analag-to-digital con- 
verter ADC 3, which converts the output from the 
CDS/AGC controller 2 to a digital signal, and a digital 
signal processor (DSP) 4, which performs prescribed 
video processing on the video signal from the ADC 3. 
[0023] The video camera 1 00 further has a memory 6, 
which temporarily stores the video signal from the DSP 
4, a VTR 7, which records the video signal from the DSP 
4 on a video tape and plays back the recorded video sig- 
nal, a selector switch 1 1 , which selects the video signal 
from the DSP 4 when recording and selects the video 
signal played back by the VTR 7 when playing back to 
output the selected signal, and a memory controller 
(FMC) 5, which performs control of storing and reading 
out with regard to the memory 6. 
[0024] The video camera 100 furthermore has a dis- 
play 8, such as an electronic viewfinder or compact LCD 
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monitor, which displays either a picture responsive to a 
video signal from the DSP 4 or a picture that is played 
back at VTR 7, an external output terminal 10, for the 
purpose of supplying a video signal to an external mon- 
itor, such as a TV receiver, and a controller 9, which, 
depending upon the imaging mode, performs variable 
control of the method of reading out the electrical 
charges stored in the CCD image sensor 1 during 
recording, and control the playback condition of the VTR 
7 during playback. 

[0025] The CCD image sensor 1 has a solid-state 
imaging section that is formed by a large number of 
photoelectric conversion elements, which are disposed 
in a matrix arrangement. In this solid-state imaging sec- 
tion, each photoelectric conversion element stores an 
electrical charge in response to received light, these 
charges being output as electrical signals. The solid- 
state imaging section of the present invention performs 
a plurality of readouts of each photoelectric conversion 
element during 1 field period. 

[Operation During Recording] 

[0026] The operation of a video camera 100 having 
the above-noted configuration during recording is as fol- 
lows. Fig.3A is a block diagram that illustrates the oper- 
ation of the imaging apparatus 100 shown in Rg.2 
during recording. The following description applies to 
image acquisition with the video camera 100 in the tri- 
ple-speed mode. 

[0027] First, the controller 9 supplies a readout control 
signal to each of the photoelectric conversion elements 
at an interval of 1/180 second, so that the electrical 
charge of each of the photoelectric conversion elements 
is read out at triple the normal speed. By doing this, the 
electrical charges that are stored in the photoelectric 
conversion elements are read out at an interval of 1/180 
second. 

[0028] The CDS/AGC controller 2 is supplied with a 
video signal from the CCD image sensor 1 , whereupon 
it performs noise elimination processing with respect to 
this video signal, by means of what is known as corre- 
lated double sampling, thereby eliminating such noise 
as resetting noise, and also amplifies the signal with an 
appropriate gain before supplying it to the ADC 3. The 
output from the CDS/AGC 2 controller is converted to a 
digital signal by the ADC 3. 

[0029] The digital signal processor DSP 4 performs 
color separation (RGB) with respect to the video signal 
that was obtained from a complimentary color filter 
array, and also performs prescribed video processing of 
the video signal, after which it supplies the processed 
signal to the selected terminal lib of the selector switch 
1 1 . This selector switch 1 1 is controlled so that when 
imaging (that is, when recording), the selected terminal 
11b is selected by the selecting terminal 11c. For this 
reason, the video signal from the DSP 4 is supplied via 
this selector switch 1 1 to the memory controller FMC 5 



each field. 

[0030] The memory controller FMC 5 performs control 
so as to temporarily store the video signal supplied via 
the selector switch 1 1 into the memory 6, this being 
5 read out each field and supplied to the VTR 7 at the nor- 
mal recording rate. By doing this, at the VTR 7 it is pos- 
sible to record onto a video tape an image of the desired 
subject for each field. 

[0031] At the VTR 7, a plurality of images are recorded 

10 within 1 frame. In this embodiment of the present inven- 
tion, because the electrical charges from the photoelec- 
tric conversion elements are read out three times within 
1 field period, at the VTR 7, three images are recorded 
within one field, these being stacked vertically, as 

15 shown in Fig.3B. 

[0032] When recording images at the VTR 7, an iden- 
tification signal is also recorded to indicate how many 
images are being recorded within 1 field period. In this 
embodiment of the present invention, because of the 

20 existence of 3 images within 1 field period, the identifi- 
cation signal is recorded with n=3. Additionally, in this 
embodiment, the identification signal also includes 
information with regard to the position within the field 
and the sequence of recording of the n images that exist 

25 within 1 field. Thus, in this embodiment, display position 
information that indicates that the 3 images are 
recorded in time sequence from top to bottom is 
recorded as the identification signal. 
[0033] Although the above-noted embodiment is the 

30 case in which 3 images are stacked vertically within 1 
field, the present invention is not restricted in this man- 
ner, and it is also possible, for example as shown in 
Fig.4A, to have the 3 images lined up left-to-right. Addi- 
tionally, although the above-noted embodiment is 

35 described for the case in which there are 3 images 
within 1 field, the present invention is not restricted to 3 
images, it being possible to have 2 or 4 or some other n 
number of images, as necessary within 1 field. In these 
cases as well, as shown in Fig.4B through Fig 4E. it is 

40 possible to have 2, 4, to n images, either stacked top- 
to-bottom or lined up left-to-right. 
[0034] In the above-noted cases, the above-noted 
identification signal includes display position informa- 
tion, which in the example shown in Fig. 4 A would indi- 

45 cate that there are "3 images, in time sequence in the 
horizontal direction." In the example shown in Fig.4E. 
the identification signal would include display position 
information that would indicate that "4 images are 
arranged in time sequence, the time sequence being 

so the first row and first column, first row and second col- 
umn, second row and first column, and finally the sec- 
ond row and second column." 

[Operation During Playback] 

55 

[0035] The operation of the video camera 100 during 
playback is as follows. Rg.SA is a block diagram that 
illustrates the operation of the imaging apparatus 100 
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shown in Fig.2 during playback. 
[0036] First, the controller 9 performs playback control 
of the VTR 9. The VTR 7 plays back the video signal 
from each field on the video tape, supplying the result- 
ing playback signal to the selected terminal 1 1a of the 
selector switch 11. When this playback signal is played 
back in this embodiment, along with the playback of the 
video signal, the above-described identification signal 
that is used with slow playback is also playback. 
[0037] The selector switch 1 1 is controlled so that 
when performing playback, the selected terminal 1 1a is 
selected. For this reason, the playback signal from the 
VTR 7 is supplied via the selector switch 1 1 and the 
FMC 5 to the display 8 and to the external output termi- 
nal 10 each field. 

[0038] By doing this, it is possible to display the 
recorded images on the display 8 and, if a monitor 
apparatus such as a TV receiver is connected to the 
external output terminal 10, it is also possible to display 
the recorded images on the monitor apparatus. 
[0039] Slow playback of images that are recorded on 
a video tape is performed as follows, recalling that in 
this embodiment of the present invention, as shown in 
Fig.3B, 3 images are acquired for within each frame. 
[0040] First, the playback signal is read out from the 
Vj R 7j the readout signal being temporarily stored in 
sequence into the memory 6. When this playback signal 
is read out, the identification signal is also read out. 
[0041] Next, the stored playback signal is re-ordered 
in time sequence by the memory controller FMC 5, in 
accordance with the identification signal, so that 1 
image is displayed in each field period, as shown in 
Fig.5B. The playback speed when this is done, based 
on the n = 3 information of the identification signal, is 
1/(n x m) , where the value of m can be arbitrarily input 
by the operator. 

[0042] Thus, in the above-noted embodiment, the 
value of n is established by the identification signal, with 
the value of m selected by the operator, these values 
together determining the speed of the slow playback. 
For example, if the operator selects m = 1, the slow 
playback speed will be 1/3, and if the operator selects m 
« 2, the slow playback speed will be 1/6. The re-order- 
ing of the images in the memory controller FMC 5 is per- 
formed based on the display position information that is 
included in the identification signal. In this embodiment, 
because the 3 images are in time sequence from top to 
bottom, at the FMC 5, the n images stored in the mem- 
ory 6 are read out in sequence from top to bottom and 
displayed on the display 8. 

[0043] The timing of the above-described playback 
operation is presented as Fig.6A and Fig.6B. Rg.6A 
shows the case of triple-speed recording, in which the 
operator selects m = 1, resulting in slow playback at a 
speed of 1/3, whereas Bg.6B shows the case in which 
the user selects m = 2, resulting in slow playback at a 
speed of 1/6. 

[0044] As shown in these timing diagrams by the 



VTR(REC), a video signal that includes 3 images is 
recorded during the period of the vertical sync signal 
VD, that is, within 1 field period. More specifically, the 
images A, B, and C are recorded during the first field, 
5 and the images D, E, and G are recorded during the 
next field. 

[0045] When the above-noted video signal is played 
back, as shown by VTR(REC), first the images A, B, and 
C are read out at the normal rate. These images are 

w stored into the memory 6, and the images are re- 
ordered by the memory controller FMC 5 in accordance 
with the identification signal, the 3 images being then 
repeatedly sent to a playback monitor (display 8) (n x 
m) times, that is, 3 times. 

15 [0046] That is, because the value of n in this embodi- 
ment is 3 and the operator in the example given has 
selected m = 1, slow playback is performed at a speed 
of 1/(3 x 1), the effect being that, as shown by 
VTR(PLAY) in Fig. 6A, the three images A, B, and C are 

20 each displayed by the display 8 three times over 3 fields. 
[0047] At the playback monitor (display 8), only image 
A is displayed during the first field, only image B is dis- 
played during the second field, and only image C is dis- 
played during the third field. As a result, each image is 

25 displayed rn times over m fields, so that in this case 
each image is displayed only one time over the period of 
1 field. 

[0048] In the case in which the operator selects m = 
2, so that playback at a speed of 1/6 is done, the 3 

30 images A, B, and C that exist in 1 field period are read 
out from the VTR and are stored in the memory 6, these 
being re-ordered by the memory controller FMC 5, in 
accordance with the identification signal, so that as indi- 
cated by VTR (PLAY) in Fig.6B, these are repeated (2 x 

35 3) o 6 times, and are send to the display over the period 
of 6 fields. 

[0049] At the playback monitor, A only is displayed in 
the first and second fields, B only is displayed in the 
third and fourth fields, and C only is displayed in the fifth 

40 and sixth fields. As a result, each image is repeated m 
times over m fields, so that in this case each image is 
displayed two times over the period of 2 fields. 
[0050] By performing slow playback using a video 
camera 100 such as described above, because a plural - 

45 fty of images existing within 1 field period are re-ordered 
in time sequence and displayed each field, there is an 
improvement in the dynamic image resolution, and it is 
possible to achieve smooth slow playback. With the 
video camera 100, because an identification signal that 

so indicates how many images exist within 1 field period is 
recorded along with the video signal, and an appropri- 
ate playback speed is established when performing 
slow playback based on this identification signal, it is 
possible to perform slow playback at an appropriate 

55 speed without the need for an operator to make a judg- 
ment as to what recording speed was used, thereby 
facilitating slow playback. 

[0051] While the above description of an embodiment 
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of the present invention was for the case in which there 
are 3 images in one field period, stacked from top to bot- 
tom, with one of these images selected and displayed, 
the present invention is not restricted in this manner. In 
a case for example in which, as shown in Rg.4A f a plu- 
rality of images recorded on a video tape are arranged 
in a horizontal row, when displaying these images, it is 
possible, such as shown in Rg.7A, to select one of the 
images for display. Additionally, as shown for example in 
Fig.7B, it is possible display a prescribed location of the 
image in enlarged form, using electronic zooming or the 
like. 

[0052] According to an imaging apparatus according 
to the present invention as described in detail above, by 
recording n images within 1 field period, and when play- 
ing back by displaying each image m times within 1 field 
period, it is possible to achieve stow playback at a speed 
of 1/(n x m) , thereby achieving smooth slow playback 
in a video camera, and improving the image quality. 
[0053] Additionally, by recording onto the video tape 
an identification signal with regard to how many images 
were recorded in each field when multiple-speed imag- 
ing is done, and controlling the storage section so as to 
establish the playback speed based on this identifica- 
tion signal when performing slow playback, it is possible 
to provide a further facilitation of the slow playback 
operation, enabling an improvement in the ease of use 
of the imaging apparatus. 

[0054] It should be understood that many modifica- 
tions and adaptations of the invention will become 
apparent to those skilled in the art and it is intended to 
encompass such obvious modifications and changes in 
the scope of the claims appended hereto. 

Claims 
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1 . An imaging apparatus comprising: 

a solid-state imaging section (1) having a plu- 
rality of photoelectric conversion elements that 
convert input light to an electrical charge; 
a recording section (5, 6, 9), which reads out an 
electrical charge from the photoelectric conver- 
sion elements n (where n Is an integer 2 or 
greater) times within 1 field period, and which 
records n images as a video signal for 1 field; 
and 

a playback/display section (7, 8, 5, 9), which 
reads out a video signal of 1 field, which 
includes n images, re-orders the n images in 
time sequence, and repeats m (where m is an 
integer 1 or greater) times the display, during a 
period of 1 field, of each of the n images, so as 
to achieve slow playback at a playback speed 
of 1/(n x m) . 

2. An imaging apparatus according to claim 1, 
wherein when the recording section (5, 6, 9) 



records n images as a video signal for 1 field, the 
recording section (5, 6, 9) also records an identifi- 
cation signal that indicates the value of n, and 
wherein the playback/display section (7, 8, 5, 9) 
reads out not only the video signal for 1 field, but 
also the identification signal, slow playback being 
performed at a speed of 1/(n x m) , based on the 
identification signal. 

3. An imaging apparatus according to claim 2, 
wherein the identification signal includes informa- 
tion with regard to display position of each of the n 
images, and wherein the playback/display section 
(7, 8, 5, 9) reads out the video signal of 1 field and 
temporarily stores the video signal into a memory, 
and then reads out the video signal in the memory 
in accordance with the information with regard to 
the display position to re-order the n images in time 
sequence. 

4. An imaging apparatus according to claim 1, 
wherein the value of m is input by an operator. 

5. An imaging method comprising the steps of: 

reading out an electrical charge from a plurality 
of photoelectric conversion elements which 
convert input light to the electrical charge, n 
(where n is an integer 2 or greater) times within 
1 field period, and recording n images as a 
video signal for 1 field; and 
reading out a video signal of 1 field, which 
includes n images, re-ordering the n images in 
time sequence, and repeating m (where m is 
an integer 1 or greater) times the display, dur- 
ing a period of 1 field, of each of the n images, 
so as to achieve slow playback at a playback 
speed of 1/(n x m) . 
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An imaging method according to claim 5, wherein, 
at the step of recording n images as the video sig- 
nal for 1 field, an identification signal that indicates 
the value of n is also recorded, and at the step of 
reading out the video signal of 1 field, not only the 
video signal for 1 field, but also the identification 
signal is read out, thereby performing slow play- 
back at a speed of 1/(n x m) , based on the identi- 
fication signal. 

An imaging method according to claim 6, wherein 
the identification signal includes information with 
regard to the display position of each of the n 
images, and the video signal for 1 field is read out 
to be temporarily stored into a memory, and then 
the video signal in the memory is read out in 
accordance with the information with regard to the 
display position to re-order the n images in time 
sequence. 
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An imaging mehtod according to claim 5, wherein 
the value of m is input by an operator. 
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